BACKGROUND Obesity is a risk factor for atrial fibrillation, which in turn is associated with stroke, heart failure, and increased all-cause mortality. OBJECTIVES The authors investigated whether weight loss through bariatric surgery may reduce the risk of new-onset atrial fibrillation. METHODS SOS (Swedish Obese Subjects) is a prospective matched cohort study conducted at 25 surgical departments and 480 primary healthcare centers in Sweden. The cohort was recruited between 1987 and 2001. Among 4,021 obese individuals with sinus rhythm and no history of atrial fibrillation, 2,000 underwent bariatric surgery (surgery group), and 2,021 matched obese control subjects received usual care (control group). The outcome, first-time atrial fibrillation, was ascertained by crosschecking the SOS database with the Swedish National Patient Register on inpatient and outpatient diagnosis codes.
O besity is an increasing concern worldwide, with a global prevalence of 13% (1) . A high body mass index (BMI) is associated with hypertension, dyslipidemia, and diabetes, and increases the risk of cardiovascular morbidity and mortality (2) . Atrial fibrillation (AF) occurs in around 1% of the adult population and is the most common type of cardiac arrhythmia requiring medical care (3) . The consequences of AF are serious and include stroke, heart failure, and increased all-cause mortality (4) .
Large epidemiological studies have repeatedly demonstrated that obesity is a risk factor for AF (5, 6) .
A meta-analysis of 16 studies found that a BMI >30 kg/m 2 increased the lifetime risk of developing AF by 49% (7) . It is likely that some of the increased morbidity and mortality attributed to excess body weight is mediated by this arrhythmia. Given the current global trends for obesity, the incidences of AF and related complications are likely to rise.
It is plausible to speculate that significant weight reduction would reduce the risk of new-onset AF, but there is little evidence to support such a belief.
A clinically significant weight loss is difficult to achieve with lifestyle interventions and the results are often temporary. In comparison, bariatric surgery is an effective and safe treatment option resulting in large weight losses able to be maintained over time (8) .
The SOS (Swedish Obese Subjects) study is an ongoing controlled intervention trial that compares the effects of bariatric surgery and conventional obesity care on morbidity and mortality (9) . SOS has found that bariatric surgery, as a primary preventive strategy, reduces cardiovascular morbidity (10) and mortality (11) in obesity. This paper describes the effect of bariatric surgery on the incidence of AF.
METHODS
The ongoing prospective controlled SOS intervention study comparing the effects of weight loss by bariatric surgery and conventional obesity care has previously been described in greater detail (12 Sahlgrenska University Hospital (accredited according to European Norm EN45001). Self-reported information on previous cardiovascular disease, medication, smoking, and alcohol intake was obtained through a baseline questionnaire. Hypertension was defined as systolic pressure >140 mm Hg, or diastolic pressure >90 mm Hg, or self-reported use of antihypertensive medication. Diabetes was defined as a fasting blood glucose level of at least 6.1 mmol/l (110 mg/dl) or self-reported use of a prescribed antidiabetic medication. Sleep apnea was determined using a validated 8-item sleep questionnaire as described previously (13) . All patients underwent a standard 12-lead electrocardiogram at baseline, which was read by a cardiologist.
Information regarding AF previous to baseline and during follow-up was obtained from the Swedish National Patient Register (NPR), which has been shown to be a valid and powerful tool to study health-related outcomes in the Swedish population (14, 15) . The NPR has collected information on di- Table 2 ). Baseline conditions that were independently associated with increased risk of AF included advancing age, greater height, increasing BMI, hypertension, increasing thyroxin levels, and higher alcohol intake.
INTERACTION ANALYSIS OF SUBGROUPS. The effect of bariatric surgery on AF across subgroups is shown in Figure 2 . Age and diastolic blood pressure at baseline influenced the treatment benefit of bariatric surgery. Younger individuals benefitted more from surgery than did those who were older (p value for interaction ¼ 0.002). Also, those with high diastolic blood pressure benefitted more from surgery than those with low diastolic blood pressure (p value for interaction ¼ 0.024). Otherwise, there were no significant interactions between treatment and subgroups.
ADVERSE EVENTS. Adverse events in the SOS study have been described previously (9) . Bariatric pro- did not reduce the risk of AF, which suggests that larger weight losses are necessary to attain a primary preventive antiarrhythmic effect. This is consistent with observations from the SOS study, in which long-standing risk factor improvements required weight reductions that are larger and more sustainable than those typically seen after lifestyle intervention (18) . However, nonsurgical weight management treatment has been shown to lower symptomatic arrhythmia burden among obese persons with established AF (19, 20) , implying that lifestyle modification can be successful as a secondary preventive measure.
The present findings support the causal role of obesity in the development of AF. The mechanism by which obesity is likely to increase the risk for AF includes hypertension (21) , left ventricular diastolic dysfunction (22) , and left atrial enlargement (23) .
Other probable pathways involve diabetes (24) , obstructive sleep apnea (25) , and systemic inflammation (26) . We speculate that weight loss-related alleviation of various hemodynamic, metabolic, and inflammatory stimuli (9) may affect cardiac geometry (27) and function (28) in such a favorable way that the risk of arrhythmia is lowered. Weight reduction has 
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A reduced risk of atrial fibrillation following bariatric surgery was more pronounced in younger subjects (hazard ratio [HR]: 0.52; 95% confidence interval [CI]: 0.39 to 0.70) as compared with older subjects (HR: 0.91; 95% CI: 0.74 to 1.10) and also more apparent in individuals with higher diastolic blood pressure (HR: 0.57; 95% CI: 0.46 to 0.70) as compared with those with lower (HR: 0.82; 95% CI: 0.64 to 1.06).
Otherwise, there were no significant interactions between treatment and subgroups. AF ¼ atrial fibrillation; BMI ¼ body mass index.
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JACC VOL. 68, NO. 23, 2016 Bariatric Surgery and Atrial Fibrillation D E C E M B E R 1 3 , 2 0 1 6 : 2 4 9 7 -5 0 4 also been shown to improve cardiac autonomic function (29) , which would be expected to be pro- AF is a growing public health concern, not least because of its relationship to comorbidities and death (3) . The rising prevalence of AF can, at least in part, be attributed to the continuing increase in obesity (30) .
A high BMI is among the largest modifiable risk factors for this arrhythmia and weight reduction has been proposed as a potential preventive measure (32).
In this context, the findings of the present study are important. The successful prevention of AF through obesity surgery suggests that this treatment may have a positive impact on arrhythmia-related complications and health care utilization.
STUDY LIMITATIONS. Although the SOS study has several strengths there are also certain limitations.
Allocation to surgical treatment was not random.
Swedish ethical review boards did not approve this design, because of a high post-operative mortality in the 1980s. Therefore, the surgery group was made up of individuals who expressed a preference for treatment with bariatric surgery. Also, the matching procedure used here resulted in 2 slightly different study groups at baseline. However, the risk profile for AF was, if anything, less advantageous in the surgery group. AF was not a pre-specified endpoint of the trial and the diagnosis was collected by crosslinking the SOS database with the NPR on inpatient and outpatient diagnosis codes. Still, ascertainment of newly diagnosed AF using the NPR has shown high validity with a sensitivity and positive predictive value exceeding 95% (14) . Although the NPR does not cover primary care, it is unlikely that we missed many cases; in Sweden persons with newly diagnosed AF are customarily referred to a hospital for diagnostic work-up.
CONCLUSIONS
Surgically induced weight loss in severe obesity is associated with a reduced incidence of new-onset AF during long-term follow-up. The benefit is more pronounced in younger individuals and in those with higher blood pressure. Primary prevention of AF by bariatric surgery is likely to decrease arrhythmiarelated cardiovascular morbidity and mortality.
